Trade in food and animal products has increased several-fold in the past decade, and simultaneously regulations governing the movement of such products across national boundaries have also increased. The present study reviews harmonization in food trade regulation by focusing on nutritional aspects to understand its role in enhancing world trade on the one hand and consumer interest and welfare on the other. Harmonization to a large extent brings in more regulation from the developed world acting through their governments, consumer organizations, and multinational companies; it does not seem to address, in general, the concerns of the large segments of the poor population for whom agriculture and food trade are the main sources of livelihood. There is a lack of quantifiable estimates of the loss in well-being of the disadvantaged. However, there is substantial research focused on the potential harm to developed nations as a result of nonadherence to the rules. Clearly, lack of adequate infrastructure, resource constraints, and weak institutions not only result in poor food safety regulation within developing countries but also remain barriers to realizing the greater potential benefits from increased trade. Harmonization of standards would have some losers and some winners, but to make it more inclusive, scientific knowledge alone may not be adequate; social and cultural aspects also need to be considered, since food systems differ among regions, with varying preferences, local resource availability, and levels of economic development. Improvement in governance in many countries not only would ensure better participation in international rule-making and the negotiation process for fairer trade but also would result in effective domestic legislation to ensure safer health for citizens, resulting in higher overall well-being.
Introduction
At the dawn of this century, the value of international trade in food exceeded US$400 billion per annum (with the estimated total value of international trade being US$6.5 trillion) and accounted for on the order of 500 million tons of food products, and on average the trade has continued to grow significantly since then [1] . The dominant share belongs to the developed countries in terms of both exports and imports. The trade share of developing countries has increased over the years, but developing countries remain mainly exporters of primary products and importers of processed food. The present trade scenario is complicated by several factors: the presence of World Trade Organization (WTO) rules since its inception in 1995 on the one hand, and innovations such as genetically modified foods and food fortification, with lowered immunity of the populations in developed countries on the other. The complication in the trading rules arises from the varying standards set by importing nations. Most often the differences between trade and regulatory standards arise from the lack of concrete scientific evidence on the potential health impacts, and therefore the justification of such standards is questioned. Thus, smooth facilitation of trade calls for a harmonization of food safety standards that are transparent and easy to comply with.
International food safety standards have prevailed for a very long time and so has trade in food; but why the need for harmonization now? The world population will reach 8 billion by 2020, with about 96% of growth concentrated in the developing world. Overall increases in population and, in particular, increases in urban population pose great challenges to the food systems of the world, from production to distribution to consumption. With greater emphasis on trade as an engine of growth and poverty reduction, developing countries around the globe are choosing (or in some cases, are forced) to liberalize their trade regimes. Trade in food S124 can also have a positive impact on nutritional options in both developed and developing countries, since it tends to lower the price of food in general and often makes a greater variety of foods available throughout the year. Scientific developments have also allowed for a better understanding of the nutritional qualities of diets and their health implications. This has led consumers to become more discriminating in food matters and to demand protection from food of inferior quality and unsafe food. Consumers, at least in the wealthier segments of society, routinely expect that food, regardless of whether it is domestic or imported, will meet certain quality, nutritional, and safety requirements.
Due to this higher awareness and concern to protect human, animal, and plant health among the developed countries, the safety standards set by them quite often overrule the existing international standards. Thus, quite often lowered tariff barriers seem to be replaced by non-tariff barriers based on protective safety considerations, some of which could actually be protectionist measures to shield domestic producers from imports.* Since trade directly impacts the economic situation of both the exporting and the importing countries, these standards set by the trading partner impact the financial status of individual nations, particularly the developing nations. Higher exports bring in foreign currency for the developing nations, generating more resources, whereas imports bring cheaper products to consumers but may also affect domestic producers in both developing and developed nations.
Given this scenario, questions naturally arise about the justification for these rules, which quite often are reflected in the trade disputes registered under the WTO framework between developed and developed, developed and developing, and developing and developing trading partners. Mutual settlement of differences and recognition of two different standards (set to have the same outcome) as equivalent were the predominant ways in which cooperation in trade has been taking place. But increasingly these are being replaced by standards that are integrated or harmonized across all nations of the world. Not only do the standards that are set for food safety have to be adequately backed by scientific evidence, but implementation of those standards may have to be cost effective. The present study is a review of the economic issues concerning the process of harmonization in food safety standards across the world, focusing more on nutritional aspects under a more liberalized trade regime. Governments, aid agencies, and companies routinely use nutrient-based dietary standards to formulate and monitor policies pertaining to exports and imports of food and food * Food originating from countries (developing and newly industrialized) in Asia did face significant regulatory barriers in the mid-1990s, making it difficult for them to get easy access to US markets [2] . products. In this regard, a more harmonized approach to nutrient intake values (NIVs) and other reference standards should benefit trade and development.
This article first discusses the need for food safety regulation from an economic perspective and presents a review of food safety regulation before and after the forming of the WTO. It then looks at the role played by the Codex Alimentarius Commission in the harmonization process. The next sections discuss issues arising from harmonization with regard to food fortification, genetically modified foods, nutrition labeling, and hazard analysis and critical control point (HACCP). A further section looks at the pros and cons of the process of harmonization by looking at the efficiency and equity aspects of this process from both a developed and a developing country perspective. A final section presents the conclusions of the review.
Economic rationale for food safety regulation
Having crossed over the threshold of subsistence consumption, a large number of people in several developing nations are demanding more variety and better quality of food products. This has increased the flow of trade in food products across countries over the past decade. However, in this scenario, as compared with the developing nations, the developed nations have put into place many regulations-arising mainly from consumers' concerns for safer public health-to ensure safe food standards, particularly in the case of imports. Although there may be a similar concern (or desire) among the developing nations in this regard, constraints on resources often result in their not being able to assess as well as implement these standards. A complex system of market, legal, fiscal, and regulatory measures thus governs the incentives of firms to supply food products that meet, if not exceed, the safety and quality attributes sought after by consumers.
Unlike quality, which is often determined by taste, nutrition, appearance, and organoleptic characteristics, information on food safety is often imperfect, so that safety characteristics may not have a favorable impact on marketing [3, 4] . The food safety issue typically has three elements: risk communication, which involves consumers and their perceptions of risks; risk management, which involves products, firms, and governments**; and risk assessments, which involve science [5] . As Antle [3] indicates, even though the producer may have information on the type of pesticide used in ** The amount of information that consumers have about the safety of an imported food item depends upon risk communication; the provision of that safety by exporting firms depends upon risk management in exporting countries; and the regulatory import barriers imposed by importing country governments depend upon scientific risk assessments either undertaken by them or based on internationally acceptable standards. producing a crop, the residue in the final output may be unknown to the producer and the consumer may be unaware of the harm that this may cause. Similarly, a meat producer may have less control over possible contaminants during the processing stage and hence their public health implications.
Even though there is an increasingly high emphasis on food hygiene in both developed and developing countries, food safety standards do not automatically become internalized into the production process due to lack of information on where the problem is and how to tackle it. Therefore, interventions by regulators in terms of product standards and risk assessment methods throughout the chain of production have emerged in recent times.* Often there is a potential for differences to exist between trade and regulatory standards by virtue of an externality caused by trade partners. Hypothetically, if the United Kingdom exports beef to the United States, the United States may have fears about the safety of the British beef and may ask for higher standards of safety, including destruction of beef that does not meet such standards. This then may result in the British beef industry destroying its animal stock for the public health of US consumers, thus raising the price of beef in the United Kingdom. Such a separation of costs from the beneficiaries creates divergent incentives to comply or to harmonize in the first place.** Before the multilateral trading system as envisaged by the WTO came into practice, the various regulations across countries were sorted out by either coordination or mutual recognition. The increasing impact of the WTO in all aspects of trade is paving the way for more stringent forms of regulation to be implemented by all countries exporting food commodities, either processed or raw. Consumers in importing countries felt that since food safety standards are not the same across various countries, and they have to deal with many countries in a multilateral trading regime, a harmonized framework of regulations alone would ensure uniform safety standards. Further, producers from developed countries felt that having different standards for products increased their cost of production and that hence a single unified regulation would be better. To tackle such impediments to trade, international uniform or similar standards across regions have emerged over the years. However, there are different ways in which the regulatory rapprochement facilitates cooperation in this regulated regime [8] :
* To take care of the market failure, statutory regulation of either process or performance standards alone need not be the only option, since markets do have the capacity to signal quality through indirect policy mechanisms such as liability laws and building of (private) quality reputation by advertising or certification [6, 7] . ** The authors wish to thank an anonymous reviewer for this observation. » Coordination: minimize differences by making use of voluntary international codes of practice; » Equivalence or mutual recognition: accepting different forms of achieving food safety as it prevails in different countries; » Harmonization: standardization of food safety regulations through international standards. The first and second options seem to have been the dominant mechanism for bilateral, regional, or preferential trade. Conceptually, food safety standards are difficult to internalize both because of asymmetric information problems and because of coordination failures. The lack of information is clear, but there is also a lack of private incentive to gather or analyze information, because this imposes costs on industry and because it is costly to adopt controls. The separation of costs from the beneficiaries-a point made earlier-creates divergent incentives.*** The present study looks into some of the recent issues dealing with the last of these rapprochements to facilitate trade with the least trade distortions.****
Trade and food safety regulations: From the past to the present
The majority of food regulations are social welfareenhancing measures that may place legitimate restrictions on trade. Nevertheless, food regulations are routinely appearing at the center of trade disputes. One difficulty is that the incidence of risks or available market information varies across countries. Thus the benefits of a regulation may exceed its costs in one country but not elsewhere. Another difficulty is that regulations may rest on comparisons of non-market benefits with market costs and thus are more susceptible to challenge by trading partners. But above all, the most significant problem for the global food system is that the stringency of regulations and the provision of farm support and protection policies tend to increase among the high-income countries, complicating the political economy of how food trade ought to be regulated [9] .
A Food Control Act at the national level to a large extent can take care of the problem of regulations and safety standards in food export and import. However, there are those who find it difficult to implement such *** The question then becomes whether an industry will adopt costly controls to make food safer for a foreign population or even the local population if it only raises its prices as compared with rival noncompliers. **** The impact of a food regulation on trade thus stems from the direct cost of compliance incurred by domestic suppliers, the indirect impacts of the regulation in question on domestic supply and demand, and its impacts on related foreign excess supplies. The incidence of this cost will ultimately depend on market structure, the combination of elasticities of supply and demand, and the scope of the regulation. acts, due either to a lack of expertise or to the presence of rent-seeking behavior that seems to bypass rules and regulations. More importantly, exporting countries sometimes have to deal with losses or wastage, since the goods may have to be destroyed when the standards are not met. Consequently, for the purpose of importing, countries set up independent regulatory measures with differing requirements, leading to a myriad of standards.
Thus, to put in place a set of common food standards that would ensure that healthier products were traded around the globe, the Food and Agriculture Organization/World Health Organization (FAO/WHO) in 1963 established the Codex Alimentarius Commission.* The Codex Alimentarius prescribes food standards, codes of practice, and recommendations that national governments are expected to take into account when formulating their food laws and practices. This would ensure safe food not only for export but also for domestic consumers. However, the Codex Alimentarius Commission has no legal authority to impose its codes on any country. The Codex standards deal not only with processed food but also with raw food (primary agricultural products) in prescribing standards for storing and packaging as well as pesticide residues in food.
The General Agreement on Tariffs and Trade (GATT), introduced in 1947, on the one hand had provisions for individual countries to have their own laws to protect animal, plant, and human health, while on the other hand it also made it clear that countries should not restrict trade or discriminate against countries that had similar standards under the guise of protecting consumers [10] . An increasing number of instruments are available to governments for implementing food regulations: quantitative restrictions (such as temporal restrictions including quarantine periods and export prohibitions), technical specifications (product and process standards), and informational requirements (mandatory disclosure and controls on voluntary claims). However, by the time the Uruguay Round of agreements began in 1986 (the Punta del Este agreements), many of the country-level food safety measures seemed to have turned into trade barriers, some intentional and others unintentional. Thus, toward the conclusion of this round in 1994 (the Marrakesh agreement), the earlier GATT agreement was modified to make it more effective. Countries were still allowed to set their own standards while keeping in mind the Codex Alimentarius Commission standards, and they had to justify them with scientific backing in case they were perceived to be too restrictive or dis-* The purpose of the Codex Alimentarius ("food law" or "food code" in Latin) was to ensure that traded food commodities were not harmful to the consumer [10] . The application of risk analysis consisting of risk assessment, risk management, and risk communication to food safety has been the subject of consultations carried out by FAO and WHO. criminatory vis-à-vis trade.**
WTO and food safety
Since the setting up of the WTO in 1995, three agreements have been made concerning trade in food. The first is the Agreement on Agriculture, whose aim was to increase free trade by improving market access and export competition in agricultural commodities. This was to be achieved through tariff reduction for imported goods and reduction in domestic support and export subsidies. These economic instruments, however, did not seem to facilitate smooth trade, mainly due to a lack of complete information on the quality of products. Other issues emerged in terms of countries setting their own safety and quality norms. Therefore, two other non-tariff agreements emerged: the Sanitary (human and animal health protection) and Phytosanitary (plant health protection) agreement (SPS) and the Technical Barriers to Trade (TBT) agreement (non-health concerns addressing food quality, nutrition etc.).
The SPS agreement was negotiated on the premises that domestic sanitary and phytosanitary standards based on international norms could reduce trade conflicts and lower transaction costs and that requiring scientific justification for norms would make it more difficult for countries to shelter domestic industries behind restrictive health and safety regulations. The SPS measures deal with the risks caused by toxins, additives, disease-causing organisms and contaminants in food products, and so forth to human, animal, and plant life. Some of the measures include inspection of food products for microbial contaminants, setting limits on pesticide residues in agricultural products, mandating fumigation, and declaring areas free from pests or disease. The spirit of the WTO is echoed well in the SPS agreement, according to which countries are expected to follow international standards to the extent possible but are also allowed to set their own regulations, provided they are necessary for the protection of health and are backed by scientific evidence and are nondiscriminatory.
The TBT measures cover not only food items but also a wide range of commodities and include "technical regulations, standards and conformity assessment procedures as applicable to process, product or production methods. " Most measures related to human disease control are under the TBT Agreement, as are food labeling requirements dealing with nutrition claims, ** The GATT also had another provision to minimize restrictive trade practices through the agreement on technical barriers to trade (TBT) established in Tokyo in 1970. The negotiation was mainly to ensure that countries did not use technical regulations citing national security or fraudulent practices to restrict trade and covered a wide range of food and nonfood products. quality, and packaging regulations.
The three major differences between the SPS and TBT measures are that the former concerns only health protection while the latter deals with aspects such as improving product standards for quality, providing more information to the consumer to avoid deception about product content, and national security as well as health concerns; the SPS is bound by scientific standards when a measure is being adopted, whereas it may not be possible for all TBT measures to have a technical or scientific justification; and the SPS relates to food safety but the TBT is applied to a wide range of nonfood products as well. Although there are overlapping aspects, the distinctions are often quite clear. For instance, food labeling dealing with health warnings, use, and dosage are SPS measures, whereas the label's position, lettering, composition, nutrient content, and quality are TBT measures [11] . Consequently, settlement of a dispute if one should arise would depend on under which measure it was registered. Interestingly, though, whereas TBT measures give more scope for discriminatory trade practices, given that in many instances scientific and technical regulations are not very binding (so that proving a case against them is difficult), there have been no disputes against a TBT measure for food safety as yet, whereas a few have been registered, and some resolved, against SPS. Unlike the Codex Alimentarius, the TBT and SPS agreements are legally binding on the country, but only for the internationally traded segment of the commodity, such as fresh fruits and vegetables, and need not ensure that the same standard be followed at the national level for domestic consumers [12] . Therefore one may observe that in a developing country the products may be sold in the domestic market, with export quality products, which are mainly accessible to the richer sections of the population, having higher standards, whereas a lower standard would be applicable for the larger domestic market. However, in some Latin American countries, the lack of public safety standards or poor implementation has resulted in private safety standards "seeping" into the supermarkets. This issue will be discussed in a later section.
At the time of its writing (March 2006), the Doha round of the WTO has been hailed as the "development" round for its marked emphasis on economic development issues. Given the Agreement on Agriculture and the importance of agriculture to developing countries in general, the issue of food safety poses some vexing concerns. Developing countries signal frustration with the increasingly stringent standards faced by their exports, the new obligations to justify their regulatory mechanisms, or both. On the other hand, many developed countries question the adequacy of the WTO rules in light of new disease outbreaks, new production technologies, and new demands from concerned consumers about food safety [9] .
Harmonization and the Codex Alimentarius Commission
The SPS agreement recognizes in particular three international standard-setting bodies: the Codex Alimentarius Commission, which establishes food safety measures, standards, guidelines, and recommendations; the Office Internationale des Epizooties, which addresses animal health measures; and the Secretariat of the International Plant Protection Convention, which sets norms for plant health measures. Since the focus of this review is mainly on human protection concerning nutrition, most of the subsequent discussion will be based on the Codex standards and their linkage to the SPS/TBT agreements. The SPS agreement in particular sets out the following principles to guide trade in food: harmonization (Article 3)-member countries are urged to adopt international standards, and a country that adopts the standards of the Codex is in compliance with WTO standards; science-based risk management (Articles 2 and 5)-in addition to SPS measures deriving sanction from scientific principles, measures ought to be chosen so as to minimize distortions to trade and to be no more restrictive than necessary to achieve a country's appropriate level of protection; equivalence (Article 4)-a WTO member has to accept the SPS measures of another country as equivalent to its own if it is objectively demonstrated that there is equivalence in levels of protection; and regionalization (Article 6)-a country is required to allow imports from subnational regions from abroad that are free of pests and disease. Although the member countries of the WTO (through the SPS and TBT agreements) in principle agree to the Codex standards and guidelines, there is no legal binding to implement them domestically. However, two situations may arise: » If a particular domestic measure falls below the Codex standards and the country is exporting at the lower food safety or quality level, then the agreement becomes binding on the exporting country to implement it. This consequently has a bearing on the domestic food law as well. Many studies suggest that this last aspect is particularly useful for developing nations not only to increase their trade but also to improve standards within the country [13] . There may of course be resource constraints on implementing these and the country may need to seek help. » If the domestic measure is more trade restrictive on account of more stringent rules than those prescribed by the Codex Alimentarius Commission, it must be justified by proper scientific assessments and risk analysis. Under these two situations, there is now a challenge for the Codex Alimentarius Commission. In the case of countries (usually developing countries) with food safety standards lower than Codex standards, the challenge is to raise resources to improve upon the existing situation. This would not only enable the developing nations to participate regularly in the Codex meetings to discuss their problems and give suggestions, but also help them improve their risk assessment and scientific capacities. In situations where the standards are higher than those prescribed by the Codex, the commission has to play an active role in helping the resolution of disputes either through bilateral discussions or through the WTO dispute settlement mechanism. Apart from these two issues, the increased pace of globalization would also bring in various problems related to property rights and spreading the knowledge about healthy practices and adverse impacts as soon as they are brought to light by scientific experts. For instance, an issue recently taken up by the Codex Alimentarius Commission was to set upper limits for proteins and vitamins beyond which they become toxic for human consumption; this problem arises from the increased number of products introduced into the market that are fortified [14] .
Current issues
There are a number of issues of interest when it comes to the future of trade in food products, which can be grouped as follows [9] : process attributes-genetically modified food, food fortification, and organic foods; product attributes-nutritional labeling for exampleand process controls-Hazard Analysis and Critical Control Point (HACCP). Before we turn our attention to a discussion of these pressing issues, it is important to remind ourselves that since the times of Adam Smith and David Ricardo, international trade has been largely assumed to be a global exchange of goods with inherent characteristics that can be revealed in final form regardless of whether an inspection is done preborder or postborder. Now with regard to some of these critical issues facing us, when the process itself defines the product (as might be the case with genetically modified foods or fortification of food), countries may have to rethink acceptable conventions of trade policy.
Process attributes: Harmonization in trade Food fortification
Food fortification is the addition of one or more essential nutrients to a food for the purpose of preventing or correcting a deficiency of those nutrients in target populations. It is one approach to achieving the objective of eliminating or substantially reducing important micronutrient deficiencies. A fortification regime should be designed so that the prevalence of intakes of a targeted nutrient below an average nutrient requirement (ANR) or above the upper nutrient level (UNL) is low. Such a design ensures that very few individuals within the population would have either inadequate or excessive intake of a target nutrient. Examples include the addition of iodine to food-grade salt, calcium to fruit juices (to provide this micronutrient to people who do not consume diary products), and iron to breakfast cereals. Fortification is also done to restore minerals lost during packaging or storing (e.g., addition of B vitamins to wheat flour after processing) and to provide for substitute foods to have the same nutrition level as the ordinary food (e.g., addition of vitamins A and D to margarine to produce the same level of the vitamins as in butter).
Availability of alternative dietary or supplementation sources and concern about upper limits being violated resulting in toxicity are reasons put forth to prohibit fortification in the food safety laws of many countries. In such cases, increased access to and availability of the dietary supplement and awareness programs could tend to eliminate the deficiency. However, the fact that this has not happened in a sustained and cost-effective manner makes fortification an important mechanism to address micronutrient deficiencies in particular. Given the impact of fortification on public health, countries sometimes prescribe mandatory fortification. Countries then resort to a ban on the import of non-fortified commodities or products, which may be considered as a non-tariff trade barrier under the WTO regime. In such instances the concerned state is expected to notify the WTO so that settlement of a dispute if one arises can be taken up more effectively. A dispute may arise if the importing country has mandatory fortification laws or the non-fortified imports are cheaper and get market access in the liberalized trade regime; or if the exporting country has mandatory fortification regulation while the importing country may already have reached the upper limits due to its consumption pattern. Alternatively, countries insist on a harmonized mandatory fortification if the problem persists in many parts of the world.
Many of the concerns are usually raised by developed country consumers, whereas concerns in developing countries, though similar, involve certain other issues as well. The two different sets of issues in harmonization are discussed below.
Fortification and developed countries
The standards (and hence harmonization) of food fortification have to deal with the following issues, which have arisen mainly from developed country experiences: » The upper and lower levels of vitamins and minerals that can be added before excess amounts lead to toxicity; » The nature of fortification: i.e., do fortificants have to be mainly vitamins and minerals, and if so what are the permissible fortificants? » The list of food items that can be fortified: fortifica-tion of "unhealthy" foods (alcohol or foods high in salt, sugar, or fat) may cause other health problems. In late 2003, the European Commission proposed common regulations for fortification among European Union countries, which were finally passed in the European Parliament in mid-2005 [15] . The important points to note are a positive list of vitamins and minerals that may be added to food; a recommendation to define daily intakes of specific substances, leading to fortified foods being labeled as such; a ban on fortification of beverages containing more than 1.2% alcohol; and a list of forbidden substances. However, separate European Union legislation has also been formalized for specialized categories such as foods for infants and young children, foods to promote weight loss, and food supplements, such as vitamin pills. This recent setting of standards by the European Union for the addition of vitamins and minerals has caused many other nations within and outside Europe to realign their domestic food fortification standards to facilitate trade.
Two-tailed risk in nutrient consumption is perhaps the most contentious issue for fortification. It is well known that calorie intake within a certain range is healthy and necessary; intakes below a certain level cause chronic energy deficiency, and intakes above a certain value lead to overweight and obesity. Similarly, scientists have recorded that low and high doses of vitamins and minerals affect health status, causing various kinds of impairments and in some cases death. Hence safe limits are prescribed for most vitamins and minerals by most countries across the developed world, with guidelines from WHO as well as their own country-specific research.
For instance, Norway and Iceland had a regulation that no fortification should be allowed for baby foods, whereas several other European Union countries allowed small amounts of vitamin A and D. This non harmonization within the European Union prior to 2002 forced the manufacturers to make two separate products, increasing the cost of production. However, successive negotiations and pressure from the European Union led to the acceptance of the European Union norm by these two countries, although it was shown that these supplements in large amounts could be poisonous.
In 2004 Denmark banned the entry of 18 cereals and cereal bars manufactured by Kellogg because the company wished to add iron, calcium, vitamin B 6 , and folic acid in amounts higher than permissible safety levels. Although the same products were being consumed by other nations in the European Union, Denmark, which has no recommended daily allowances for vitamins, has longstanding policies that reflect the cultural belief that addition of too many vitamins and supplements can do more harm than good. In 2001, the European Union ordered Denmark to accept enriched food products, and since then Denmark has been allowing enriched foods but with levels lower than those proposed by Kellogg. Consequently, around the same time Denmark allowed fortified drinks, although fortificants were not needed by the population, the products were deemed safe by Denmark's food administration. Kellogg had also applied for permission to enrich the relevant products with other nutrients that would not carry any health risk, and these have been approved by the Danish Veterinary and Food Administration.
According to the Danish Veterinary and Food Administration, this was not a discriminatory policy, since its decision to ban certain Kellogg products was based on a scientific risk assessment produced by the Danish Institute for Food and Veterinary Research. The Danish maximum levels are based on the upper safe limits for the intake of vitamins and minerals determined by the European Commission's Scientific Committee on Food. If the maximum levels are exceeded, the total intake from enriched food, nonenriched food, and dietary supplements can reach a level that exceeds the upper safe limits, and may consequently represent a potential health risk. The Danish Institute for Food and Veterinary Research bases its calculations on largescale surveys of the diet of Danes and their intake of dietary supplements. These surveys show that around half of the adult population and 70% of children aged 4 to 10 years regularly consume dietary supplements, typically a multivitamin mineral tablet. For a multinational corporation like Kellogg, this could well be a small percentage of their business and might not be a matter of immediate concern, but there may be a concern about the possibility of this ban spreading to other nations.
These two instances of harmonization (in Norway) and nonharmonization (in Denmark) have not been raised within the WTO for discussion, perhaps because they were considered intra-European Union matters, but they do raise the following welfare-and traderelated issues: » If the dietary habits of the population tend toward higher doses of calories or vitamins and minerals, this needs to be addressed through a national educational campaign. In particular, when the impact of the excessive usage is undiscovered as yet, a similar educational campaign on the possibilities of danger could be initiated. » The European Union (EU) in 2005 passed a resolution on harmonized rules for the addition of vitamins and minerals in food across the EU, but interestingly enough, Denmark continued to have its own fortification policy while Norway and Iceland were pressured to follow the rule. » In a globalized world, if the banned product was being manufactured in a developing country site, this might well hamper the local employment due to loss in production. » There is a trade-off between an individual country's choice to take precautions against overdoses of nutrients by not permitting excessive fortification and this being considered as a non-tariff barrier in the absence of scientific evidence on the health impact. » Are firms using fortification as a marketing strategy when there could be cheaper and easier ways of enhancing micronutrient consumption, particularly among developing countries? » How do private firms raise or bring to WTO notice such nontariff barriers as the dispute settling mechanism set up at the country level?* There has been a four-or fivefold growth in the processed food industry in the past decade in both developed and developing countries, with the businesses usually privately owned and multinational in character. Consequently, a fortification regulation would affect the business of an individual (multinational corporation) firm for which fortification is the main marketing strategy to increase or sustain consumption.
Mandatory fortification and trade
Some countries introduce mandatory fortification if there are public health concerns, and in that case nonfortified products would not be traded in the country. As members of the WTO, the countries are obligated to notify the WTO about mandatory fortification in case they are in violation of the existing WTO rules.
Even in developed countries, iodine deficiency and folic acid deficiency are noted among a large segment of the population, and despite awareness campaigns to the target groups there have not been significant changes in the consumption patterns of the people. One issue that emerges out of this is mandatory fortification with folic acid and iodine and its impact on trade.
Mandatory folic acid or folate fortification is a recent food policy issue in many developed countries such as Australia, New Zealand, Canada, the United States, and the United Kingdom, mainly to address the problem of neural tube defects. Mandatory folic acid fortification programs in the United States and Canada aim to lower the rate of neural tube defects by providing additional synthetic folic acid. The two countries introduced this policy at the same time and set a similar deadline of mid-1998 mainly to ensure freer movement of these products across the borders. The impact of this was that though the program had significant impact on folate stores and resulted in a 50% reduction in the risk of open neural tube defects, there was some concern regarding vitamin B 12 deficiency masking, since folic acid consumption increased among younger and older women during this period [16] . Thus, there is a suggestion to include this vitamin in the fortified program to * The private firm can raise the issue through their home country provided there are such laws within the country, and hence this issue is also an important aspect of harmonization.
reduce harm among the elderly women.
A study in Germany found a 50% to 70% increase in folate consumption due to increased intake of folic acid-fortified food between 1990 and 2001 [17] . The study concluded that since the intakes were higher among younger children than older children and adolescents, mandatory folic acid fortification (of basic foods like flour) may not be necessary, given this trend in food-consumption habits. The study found about 1% of the sample exceeding the upper levels, although no cautionary note has been sounded about the increased availability of folic acid-fortified food from cheaper imports from other countries that have mandatory fortification. Similarly, another study in the United States indirectly assessed the impact of universal folic acid enrichment of cereal-grain foods introduced by the US Food and Drug Administration in 1998 [18] . The study indicated that the increase in median intake was twice that predicted and hence that further monitoring and possible reconsideration of folic acid fortification was warranted. In comparison with this, a more recent study based on 10-year data (1988-98) from 10 European countries (in some countries only select regions were surveyed) suggests that since the issuance of the folic acid recommendations in 1992 there has not been a significant decline in neural tube defects, and hence that there is a need for "a reasonable strategy to quickly integrate food fortification with fuller implementation of recommendations on supplements" [19] .
This contradicting evidence about the need for mandatory fortification is clearly based on behavioral patterns after science has indicated a way out of micronutrient deficiency in the form of fortification. The implementation of fortification would largely depend on consumer preferences and risk perception and assessment, all of which may be evaluated using a scientific approach but are not based only on science.
An adverse impact on nutritional intakes leading to a poor nutritional profile in the developed countries is blamed on the popularity of convenience foods and the decrease in time available to shop and prepare food with varied nutrition. Although the issues are similar among the richer segments of the population in urban areas of developing countries, micronutrient deficiency is still a cause of high morbidity and mortality among women and children in these countries. Countries such as India, China, and Brazil are faced with the double burden of infectious and chronic diseases, thus nutritional challenges in a liberalized trade regime are even more pronounced. The next section looks at the challenges faced by developing countries in linking fortification and the WTO reforms.
Fortification and developing countries
The challenges of fortification take on an entirely different character in a developing country. First, there are multiple micronutrient deficiencies, and absorption or supplementation of one deficiency would require sufficient complementary or basic macronutrients such as fats or carbohydrates, without which it may not be very effective. At the same time, multiple fortification interactions between certain minerals and vitamins may sometimes enhance and sometimes decrease the absorption of the required amounts of the micronutrients by the body. This poses a problem when it comes to implementation of schemes.
Second, with the emphasis on micronutrient deficiency on the rise, many smaller countries with insufficient production and processing infrastructure may have to depend on imports of fortified food. The cost of such products may be higher, making then unaffordable to a section of the vulnerable population. However, it is important to note recent initiatives, such as the WHO's new Global Alliance for Improved Nutrition (GAIN) that brings the benefits of foods fortified with vitamins and minerals for the poor in developing countries to end micronutrient deficiency and help save millions of lives.
Third, gradations in micronutrient deficiencies among sections of the population are observed, and hence different levels of dosages may be required to improve undernourishment. Consequently, the health impact will be more effective if the fortified products are targeted to the population suffering from deficiencies rather than to the entire population, since universal fortification might lead to toxicity among those who have access to a more balanced diet.
Iodized salt is an example of a food that undergoes mandatory fortification in many countries to prevent iodine-deficiency disorders.* No other dietary source of iodine is available; supplementation may be an alternative but it has not been found to be cost effective and accessible to a large population in a sustained manner. More importantly, international standards on food fortification are available only for food-grade salt, and as a result various fortification standards are observed for different food items across the world. Thus, there is a need for harmonized standards to facilitate least restrictive trade practices and safeguard health concerns.
What if a country has a mandatory fortification law for salt but due to the WTO restrictions may be forced to import cheaper non-iodized salt? Or what if countries do not produce salt locally and hence have to depend on imports? In such cases, if the import of noniodized salt is prohibited, then the country should be in a position to defend itself if its policy is misconstrued as a non-tariff barrier under the WTO regime. Many of the countries in transition in Europe seem to be facing * The United States had such a policy in the 1950s and successfully eliminated iodine-deficiency disorders from the population. such a dilemma; Georgia recently banned imports of non-fortified salt [20] . Although the countries that produce salt locally have the option of iodizing and then distributing it, they may also face the situation of lower prices for non-iodized salt from domestic and/or imported sources. For instance, India had a ban on the sale of non-iodized salt that was removed in 2002 under pressure by the salt manufacturers' association (as some media reports indicated), since packaging costs were higher for iodized salt, thereby reducing the profit margin. It was then found that within a year of removal of the ban, cases of iodine-deficiency disorders increased substantially, and the ban was reimposed in 2004 [21] .
Because the effects of deficient intakes of folic acid have been known only recently, even in developed countries, assessment of the magnitude of neural tube defects does not seem to have been carried out. Hence, fortification issues do not seem to have been considered at present, although the extent of the problem could be more severe due to higher fertility rates in these countries. How this will affect the harmonization process is still unclear, although the issues may remain broadly the same, as in the case of iodine.
Therefore, in comparison with developed countries, not only are public health problems more widespread and severe in developing countries, but lack of awareness, institutions, and adequate resources to ensure that products with safe standards are available only to the consumers are equally challenging issues to deal with. The process of harmonization in trade standards with increased globalization will have impacts on these aspects as well and hence have far-reaching impacts on efficiency as well as equity.
The TBT is more applicable to food fortification issues in trade than the SPS. As discussed above, there are possibilities that international trade regulations may affect country-level nutrition legislation, but to date no instance of a dispute has been registered under the TBT. The reason may be that the importing nation has a clear public health reason to restrict trade to protect health, so certain trade policies may not be perceived as protectionist. Perhaps consumption of such fortified products is still from domestic production or countries are still giving more importance to public health issues, with limited research on the upper safe limits.
Genetically modified organisms, trade, and harmonization
There are three interrelated concerns when it comes to the issue of genetically modified food: approval of varieties for use by domestic producers, approval of varieties for sale on the domestic market, and labeling and traceability of genetically modified food and products made from genetically modified ingredients [9] . Lower than adequate intake of micronutrients causes various types of health problems, including high mortality, and is a major concern among the developing regions where it is referred to as the problem of "silent hunger" or "hidden hunger." In many developing countries, processed foods are not consumed in large amounts, and hence biofortification either through breeding or transgenic processes is also being considered as an option.* Biofortification is the process of breeding food crops that are rich in bioavailable micronutrients. These crops fortify themselves: they load high levels of minerals and vitamins in their seeds and roots, which are then harvested and eaten [22] . This form of biofortification through breeding is possible only if there are several thousand varieties of the crop with varying levels of micronutrients, so that the best available source is then crossbred with the local variety and the resultant crop is enriched. For instance, zinc and iron contents vary across certain crops, whereas vitamin A in rice shows a constant pattern. In the latter case, transgenic technology is used to add or remove certain genes in order to achieve certain desired properties [23] .
Genetically modified crops have been shown to be not only cost effective but also resistant to some of the problems associated with soil degradation or recurrent drought in these regions or regular attack by pests. This in some sense is considered as a second Green Revolution, which could not only raise production and productivity but also take care of nutritional deficiency problems by addressing both quantity (increased production and hence higher consumption) and quality (enrichment with micronutrients) [24] . The major issue concerning biofortification or its nonadoption lies in its transgenic nature, which has already resulted in major debates around the world. The main concern with genetically modified food is the issue of allergens for human consumption and the associated environmental damage. More importantly, the effects of genetically modified foods and crops on human health have not been completely analyzed, and their rejection is based on the precautionary approach in some developed countries in the European Union and in Japan. Whereas more than 10 food and feed crops with transgenic events have been approved for cultivation in developed countries, the developing countries are using a very cautious approach [25] . For instance, very few developing countries have allowed a transgenic event in maize, whereas Mexico, Uruguay, Argentina, and South Africa have done so for soybeans. China, Indonesia, and India have transgenic cotton, which is, however, a nonfood crop. The precautionary approach to using a product seems to arise mainly for trade reasons and, in some instances, a concern for public health of the domestic population as well.
The European Union has taken the toughest stance on genetically modified foods, in that labeling and traceability are important and any possibility of contamination would also lead to the rejection of the product. For developing countries, however, not only is labeling costly but so is the cost of physical segregation of genetically modified and non-genetically modified crops. These issues, coupled with weak scientific and administrative capacities to conduct case-by-case biosafety screening, as insisted by the developed countries, have dissuaded the countries from adopting such technologies. In 2002, the Codex Alimentarius Commission reached agreement on a final draft of "Principles for the risk analysis of foods derived from biotechnology. " The principles provide a framework for evaluating the safety and nutritional aspects of genetically modified foods and define the need for a premarket safety assessment of all such foods on a caseby-case basis. Postmarket monitoring would be one of the management options described in the principles. Guidance related to analytic methods and other tools to be used in risk management are also provided. The task force also reached an important agreement concerning the tracing of genetically modified products for the purpose of facilitating withdrawal from the market when a risk to human health has been identified. The agreement is likely to mark a breakthrough in international negotiations concerning the use of tracing systems in relation to food in international trade. The world market for food products, especially for soybeans, corn (maize), and cotton, has been increasingly polarized, with some countries either insisting on non-genetically modified products or suggesting strict inspection norms.
Organic foods
Organic foods remain one of the fastest-growing segments in the food sector. The potential for profits is considerable and has attracted large entrepreneurs to coexist with small producers. Growth rates of 15% to 20% in Japan, the European Union, and the United States are forecast [9] . Governments typically have used process regulations while defining product characteristics of organic foods, such as "no pesticide use. " It is only recently that countries in the European Union and the United States have started to regulate this sector, and regulation has been imperfect. Ultimately, to sustain any linkage between consumption of organic foods and health, such foods would have be tested on the same grounds as conventional foods, which would have implications for how much organic foods will be traded across national boundaries in years to come.
Product attributes: Harmonization and trade Nutrition labeling
Labeling is a classic case within information economics of the problems that firms confront in a marketplace: what product information to convey, and how to make that information credible. With the rise in diet-related disease patterns around the world and the increase in consumption of processed and packaged food, nutrition labeling is increasingly demanded. Nutrition labeling is supposed to assist consumers in making an informed decision about the content of the product. It is now customary for the governments in several developed countries such as Canada and the United States and also in newly industrialized countries such as Malaysia to have mandatory labeling norms. For the manufacturers, on the one hand, this makes them aware of the nutritional content of their product, thereby giving them an edge in selling the products, and on the other hand it instills an element of social responsibility to produce and promote healthy food among consumers. Of course, possibilities of misleading the consumers based on health claims are also likely to arise if this is to be used as a strategy to increase sales. Consequently, regulation of labeling format (what to label, how to label, and where to label) is considered important. Several countries follow the Codex labeling pattern, whereas others have their own regional versions and hence tend to vary from one country to another. With the rise in trade in processed food, a common approach to labeling is becoming important, leading to calls for harmonization.
Recently, the issue of harmonization in labeling of trans fatty acids (TFA)* in food products emerged as a point of contention in trade between Canada and the United States [26, 27] . The differences in labeling format include the following: trans fat is to be declared separately, with a minimum daily value for both saturated and unsaturated fats in the Canadian proposal, whereas the US format requires that trans fat be declared separately from saturated fats, but only the saturated fat is accompanied by a minimum daily value; the minimum threshold of trans fat declaration is lower in Canada (0.2 g) than in the United States (0.5 g or more); and Canada requires that the label be printed in English and French. Consequently, there is a request for mutual recognition rather than harmoniza-* TFAs are polyunsaturated fats that are harmful to health, particularly those from partial hydrogenation of vegetable oils. Addition of TFA increases the shelf-life of a product with a stable flavor but also increases the cholesterol level, causing a higher risk of coronary artery disease. Consequently, some countries in the European Union, the United States, and Canada have imposed regulations on the permitted use of such oils and hence have mandatory labeling requirements whose format varies among the countries. In Australia and New Zealand voluntary labeling is practiced. tion by the US manufacturers, who seem to have a less stringent labeling format. The welfare impacts of the nutrition labeling have been a significant increase in sales of products marked "no trans fat" and increased research on and availability of oils with lower or no trans fat content (partly driven by the nutrition labeling deadline set by NAFTA for January 2006).
Similar issues could emerge in trade between two groups of nations, as the countries vary in terms of what they deem necessary to be cited on the label about nutrient content and how it is explained. For instance, Food Standards Australia New Zealand (ANZFA), the joint food code for Australia and New Zealand, has mandatory nutrition labeling, whereas the European Union considers mandatory labeling only for food with nutritional or health claims. It expects the information to be given both per 100 g and per 100 mL and in terms of an average serving, whereas the latter is not an essential requirement in the European Union [28, 29] Similarly, countries in the Southeast Asia region have varying standards, and attempts have been made to bring the countries together for a harmonized nutrition labeling due to increased demand by the consumers as well as their regional trading partners [30] .
Although it is widely accepted that nutritional claims cannot be the only approach to change dietary habits, they could have significant impacts on some consumers, and therefore restricting trade on the basis of a different labeling format does not seem to be justified [31] . Thus, guidelines such as those of the Codex Alimentarius Commission may be necessary to increase harmony in the labeling format. Within the Codex Alimentarius Commission, the Codex Committee on Food Labeling gives guidelines for label texts that have four subcategories dealing with prepackaged food, nutritional claims, and nutritional labeling (see Van den Wijngaart [31] for a brief explanation of these guidelines). The important feature of these guidelines seems to be that they allow for flexibility in national policy formulation so that local needs are taken care of. This and the emerging scientific evidence on nutrient content result in variation in labeling formats and regulations around the world, which has an impact on harmony. Greater consistency or harmonization can only be achieved by discussions among trading partners and discussions in the Codex meetings, leading to fewer barriers to international trade with benefits to the consumers and producers.
Process controls: HACCP and harmonization
The monitoring and enforcement of performance standards for microbial pathogens is costly. There is a WHO/FAO protocol that is recognized and forms the basis for the protocol used in the United States and other countries [32, 33] . Several developed nations such as the United States, Canada, and the European Union countries imposed mandatory Hazard Analysis and Critical Control Point (HACCP, pronounced hassip) regulations in the early to mid-1990s.* This finally led the Codex Alimentarius Commission in 1993 to recommend the use of this approach, since it is a preventive mechanism to identify and hence avoid health risks while the production process is operating, and it transfers the regulation process, which used to be in the form of end product sampling and testing, away from the government to the private producer. HACCP involves seven principles: » Analyze hazards. Potential hazards associated with a food and measures to control those hazards are identified. The hazard could be biological, such as a microbe; chemical, such as a toxin; or physical, such as ground glass or metal fragments. » Identify critical control points. These are points in the production of a food-from its raw state through processing and shipping to consumption by the consumer-at which the potential hazard can be controlled or eliminated. Examples are cooking, cooling, packaging, and metal detection. » Establish preventive measures with critical limits for each control point. For a cooked food, for example, this might include setting the minimum cooking temperature and time required to ensure the elimination of any harmful microbes. » Establish procedures to monitor the critical control points. Such procedures might include determining how and by whom cooking time and temperature should be monitored. » Establish corrective actions to be taken when monitoring shows that a critical limit has not been met-for example, reprocessing or disposing of food if the minimum cooking temperature is not met. » Establish procedures to verify that the system is working properly-for example, testing time-and temperature-recording devices to verify that a cooking unit is working properly. » Establish effective record-keeping to document the HACCP system. This would include records of hazards and their control methods, monitoring of safety requirements, and actions taken to correct potential problems. Each of these principles must be backed by sound scientific knowledge: for example, published microbiological studies on time and temperature factors for controlling food-borne pathogens.
HACCP offers a number of advantages. Most importantly, HACCP focuses on identifying and preventing hazards from contaminating food; it is based on sound * Hazard Analysis Critical Control Point (HACCP) is a preventive regulatory procedure to identify points in the production process that are most critical to monitor and control. science; it permits more efficient and effective government oversight, primarily because the record-keeping allows investigators to see how well a firm is complying with food safety laws over a period rather than how well it is doing on any given day; it places responsibility for ensuring food safety appropriately on the food manufacturer or distributor; and it helps food companies compete more effectively in the world market and reduces barriers to international trade. However, as Josling et al. [9] note, the push for HAACP to achieve content attributes is ultimately a "process standard" that is typically more difficult to implement internationally than a "product standard. "** The aspect of varying approaches to HACCP leads to the issue of mutual recognition or equivalence of HACCP procedures but may eventually end in harmonization.
When the US Food and Drug Administration established mandatory HACCP regulation in the mid-1990s, neither efficiency nor distributional effects were considered.*** The impact of this rule on the productivity of the meat and poultry industry and the variable costs of production were not taken into consideration, nor were the administrative costs of regulation [3] . Hence, the cost of this regulation exceeded the benefits, which was the reverse of what that the government had claimed. In several countries, including developed ones such as Australia, larger firms are in a position to set up HACCP systems in their production process, whereas the smaller and medium-sized firms are unable to do this. There is considerable debate about the impact of HAACP on plant costs and market structure [34] .
Ollinger and Mueller [34] in their analysis, however, found no appreciable relation between plant size and ability to absorb sanitation and process control costs. They also found that implementing pathogen reduction/HACCP programs in meat and poultry plants would account for about 1.1% of their total costs, adding about 1.2 cents to the cost of a pound of beef, 0.7 cents to the cost of a pound of pork, and 0.4 cents to the cost of a pound of poultry. The benefits were estimated to range from $1.9 to $171.8 billion annually. This translates into a benefit value (in terms of health cost savings) that is at least twice the cost to the industry.
Many smaller nations, for example, Turkey in its trade with the Netherlands in seafood, meat, and poultry, require that all firms participate in the HACCP procedure, which would involve huge costs [35] . Further, ** Process standards involve complex verification and enforcement procedures by regulatory institutions in two or more countries. Judgments about the capabilities of the testing and certifying institutions in the exporting countries figure prominently in these regulatory decisions [9] . *** In particular, the HACCP regulation in the meat industry was set to reduce pathogen levels in order to improve food hygiene, as was expected by domestic consumers, and also to raise the trade competitiveness of the product. trade in such products as seafood involving a developing country exporter and a developed country importer may be costly for the former due to higher marginal costs of implementing HACCP arising from lower sanitary standards and lack of technical expertise [36] .
The US ban on importation of frozen fish from Thailand in the 1990s due to salmonella contamination led to revamping of the Thai industry, with HACCP standards being imposed universally for products sold in the market [37] . During this transformation process, the producers, assisted by producer cooperation, established producer organizations or more informal cooperative working arrangements. Governments and private institutions also had to deal with varying standards set by different countries. Bangaldesh's shrimp industry introduced HACCP certification with support from multilateral agencies and government assistance [38] . This was in response to a European Union ban in mid-1997 on processing plants with poor hygienic conditions. Subsequent to all this investment, and because of the perceived potential of huge export earnings, there was an overexploitation of natural shrimp farming; this resulted in declining production from natural reserves, and the fish-processing plants consequently began diversifying manufacturing, with some resultant laxity in food-safety standards, all of which presents a challenge to exporters.
When developing nations trade with any other nation (e.g., Turkey with the European Union, Colombia's free trade agreement with countries in the Andean Community Region, or Thailand with the United States) in poultry or seafood products, and the developed-country importing partner has mandatory HACCP rules where the developing countries do not, the exporting country is faced with the following issues. The larger firms within these countries are in a position to acquire resources and also put into place HACCP systems, whereas the smaller businesses, many of which would be in the informal sector, are not in a position to take advantage of the international trading options. This may result in these businesses either being shut down or continuing to produce for domestic consumption when the population already faces large threats from food-borne diseases. Even the management of the larger firms may not find it worthwhile to invest in safety when there is less demand for such products, thereby losing out on trade or being taken over by multinational corporations [9, 39] 
Efficiency and equity considerations in food safety regulations
The use of pesticides to improve productivity through control of pests and improvement in storage and transport is very high in developing countries. There are also associated health risks due to on-farm ingestion, contamination of water and air by pesticide discharge, and consumption of food with higher doses of pesticide residue. By 2001 all the countries within the European Union had adopted a newer and stricter standard, whereas most of the other importing countries used the Codex Alimentarius Commission standard set in 1989 and revised in 1995. This harmonized regime within the European Union together with nonharmonizaton within the world market seems to have caused, for example, huge losses to many Latin American, Asian, and African countries in banana exports due to regulations against importation of residues of chlorpyrifos pesticide. Further, Wilson and Otsuki [40] showed through simulated models that the most stringent of these standards-0.05 ppm by the European Union as opposed to 2 ppm by the Codex Alimentarius Commission-would cause a decline in the value of exports of about 50%, thus significantly affecting the trade flows for the exporting countries.
Among the three major health risks mentioned above, pesticide residue seems to have the lowest risk, and the risks are still uncertain due to limited scientific evidence. Alar (daminozide) residue, which caused alarm in the early 1990s, carried a negligible lifetime cancer risk of 1 in 1 million, whereas aflatoxin pesticide residue is likely to carry a risk of 1.4 deaths per billion per year in the European Union [41, 42] . Therefore, a regulation not adequately backed by scientific evidence or public health concern would amount to a non-trade barrier for an agricultural commodity. Crop producers in developing countries that overuse pesticides are at risk of health problems from direct exposure to pesticides. On the other hand, there is a resulting loss of income from declining exports and reduced productivity if the pesticides are used less. Either course of action is a disadvantage for developing country farmers and a greater hardship for them.The current stringent measures to restrict pesticide use, however, would have significant health impacts for everybody, but they need to be imposed provided there are alternative ways of improving productivity to replace excess pesticide use.
First, the increase in efficiency due to better quality and safety standards brings in higher costs of compliance and increased cost of the product, thereby undermining the equity considerations, as poorer households would have to pay a higher price per unit. Second, in developing nations, where the increased cost could not be borne by the domestic consumers, the producers would have to make two products of different quality, which would add to their cost. In both of these instances, the government might have to subsidize to reduce the burden on the consumer in the former case or the producer in the latter case. Third, subsidies to the producers to reduce the cost are not permitted under the WTO rules, since they are considered discriminatory. Given this scenario, inspection levels for food safety would have to be strengthened in order to avoid rejection of export shipments owing to contamination of the higher-quality product with the lower-quality product, which would increase the cost of regulation to the government. Fourth, importing countries may choose to adopt different standards, which are usually higher than those specified by international agencies. The continuous changes in standards and the monitoring of standards would further increase the price of the product, since the cost of production would be a nonlinearly increasing function of higher standards and their effective monitoring. Fifth, if one of the main intentions of promoting trade liberalization is to enhance growth and reduce poverty among the less developed and developing countries, then the higher standards imposed on food safety would increasingly channel the resources from export earnings toward ensuring food safety for the world market, neglecting several other investments (such as health, education, and sanitation) that might have more widespread and long-term benefits for the low-income country.
Arguments emerging from developing countries in favor of harmonizing with international food safety standards do not seem to indicate a loss in equity considerations, for the following reasons [43] . Food safety standards in developing countries are very low, and trying to align with international standards would surely bring large health benefits to the domestic consumers. Low food hygiene standards account for a huge number of deaths in developing countries: up to 70% of diarrhea cases among children under 5 may be due to food-borne contaminants, and several other pathogenic and parasitic infections are carried by food [44] . Better information flow with the possibility of foreign technical collaboration and advice would bring improvements in technical expertise of the producers and an upgrading of their skills. One of the conditions of the WTO is that (developed) exporting countries should assist exporting countries in setting standards so that the higher standards do not appear a barrier to trade. An example is the development of supermarkets in Central America during the phase of increased exports of fresh fruits and vegetables to developed countries. Berdegue et al. [45] note that the supermarkets have begun to raise quality and safety standards, and domestic sales from supermarkets are growing faster than exports from this region. This has happened because of improvements in procurement standards and imposition of higher standards on the suppliers, as well as increasing emphasis on safety aspects along with cosmetic and flavor concerns. However, the effects of these changes have reached only the middle-and upper-income segments of the population and are more marked in those countries where the government takes a stronger hand in enforcing safety standards. Similarly, the trade in fresh vegetables between sub-Saharan Africa and the United Kingdom has grown rapidly with improvements in quality and safety, but this has resulted from the rules imposed by a few large retailers in the United Kingdom and has marginalized the smaller exporters [46] . As Busch and Bain [47] highlight, with the global transformation of agrifood systems in the post-WTO phase, private standards are on the rise with the growing influence of private food retailers who are more global and oligopolistic.
It is clear that improvements in governance will ensure better participation in international rulemaking, and since good governance has a strong public health component, will improve overall well-being. But for the developing world in particular, the problems stem not just from weak governance and lack of concrete scientific evidence to justify harmonization (given all other developmental pressures). We also should be aware that in many countries, the diverse local ethnic groups may or may not share the same commitment to national or international institutions or to (Western) scientific methods. Moreover, in the presence of rampant illiteracy, social taboos and discriminatory attitudes that often prevent women in general and ethnic minorities in particular from participating fully in national governance or even in markets all serve to exacerbate the aforementioned issues.
Conclusions
This article has reviewed the process of harmonization concerning nutritional issues in food trade regulation around the globe to try and understand who the winners and losers are and whether harmonization is an effective mechanism to promote the goal of safer and nutritious food with regular access at the lowest price.
With the formation of the WTO and the ongoing process of globalization, there has been an increase in global trade in food and animal products. The increased exchange of goods around the globe to benefit from a lowered tariff regime, however, seems to have also brought in nontariff barriers to trade in the form of safety and quality standards. Most of the regulations expectedly emanate from the developed nations (in particular the European Union), who have been net importers of food in recent times and where consumer concern about food safety has been rather high. This concern, however, has to be balanced by concern for those in the developing nations for whom earnings from international trade are an opportunity for faster growth in the short run and possibly poverty reduction in the long run. Therefore, lack of access to developed-country markets for food and agricultural products because of stricter regulations, which is a competitive advantage, is a cause for concern.
As has been discussed above, regulations of food safety and quality have existed since the early 1960s, with the setting up of the Codex Alimentarius Com-mission jointly by FAO and WHO. Despite guidelines given by these world bodies, countries have evolved their own regulations according to their level of development. This has resulted in different standards and regulatory practices, some of which follow the Codex and others of which have either lower or higher standards than the Codex. However, many of these rules are being revised more frequently than has been the case in the past. In general, it is always costly for an exporting country to trade when there are several types of regulations followed by different importing nations, especially when some of these regulations seem to be discriminatory in nature in the absence of sufficient scientific knowledge on how to assess the losses from nonadherence.
In order to ensure smooth trade, a harmonized framework that allows for uniform codes and norms while pooling scientific knowledge has to be pursued by both the WTO and the Codex Alimentarius Commission. Under the WTO there are two agreements, the SPS and the TBT, which address the regulations for food safety; the SPS deals with human, animal, and plant health-related concerns, whereas the TBT deals with non-health-related quality issues. The SPS mainly draws its rules from the Codex, whereas under the TBT technical aspects have evolved through bilateral and multilateral discussions.
Among several food safety concerns, food fortification, the loading of additional micronutrients, directly concerns nutrition, and the problem clearly differs between developed and developing countries. The former are increasingly concerned about higher doses than are required, whereas the latter are still grappling with public health problems due to far lower intakes of micronutrients. Under a situation of universal fortification, mandatory fortification may be justified in some situations, whereas not all countries may impose it. Consequently, the same set of rules for levels of fortificants is not possible, and harmonization could lead to disputes. It should also be noted that the harmful effects of a dosage level are not always clearly known, while only consumer concerns seem to determine the standard. This aspect is more apparent in the trade in genetically modified foods, where the European Union in particular has requested labeling and traceability. In recent times the European Union has approved some genetically modified foods but overall has imposed strict regulations, while countries like the United States contend that in the absence of clear evidence on adverse impacts, there should not be any restrictions on the movement of such goods. Countries like Zambia that suffer from high levels of malnutrition have strongly opposed genetically modified imports, mainly because of fear of contamination of other crops, some of whose products are exported to the European Union. At the same time, several neighboring countries of Zambia have approved the entry of genetically modified crops, either through imports or in the form of food aid.
The issue of nutrition labeling attempts to address public health concerns such as obesity while knowing very well that labeling may have limited impact. This is an issue that concerns the affluent, who have a higher consumption of processed food along with a sedentary lifestyle. Naturally, when a majority of the population is still on subsistence consumption and illiterate, labeling is a nonissue. More importantly, the empirical evidence for the success of labeling in general in educating and modifying consumer behavior is mixed and in the case of nutrition labeling is limited. More interesting is the issue of labeling of genetically modified food, which seems to be the core concern for trade, even though the adverse impact of genetically modified food is also not well known. Therefore, rather than harmonization, equivalence is a preferred option for labeling and is considered efficient by some countries. Similarly, HACCP is another regulation for which harmonization is important in the sense of having a system in place for the food-processing industry. However, confusion prevails as to whether the process itself needs some standardization and whether there should be checks on pathogen levels at the entry point even when HACCP is followed by the exporting country.
If free trade is the goal, then there must obviously be few to no regulations; but if consumer health and protection are the goals, then variations in food and hygiene standards and immunity levels of the population surely require country-specific regulations. Clearly the challenge for a harmonized framework under a liberalized trade regime, particularly for food, lies in the fact that the regulations sometimes cannot be based on scientific evidence alone, since they are also influenced by varying tastes and cultures and differences in the level of economic development that ought to be considered in a comprehensive manner.
In conclusion, there is a lot to be gained in terms of a benefit-cost ratio by participating in international food trade with harmonized regulations; however, more sustained and solid research is needed. Given the limited evidence, based mainly on developed country research, it is clear that the impact varies with the context or the nature of the commodity traded. Quantifiable estimates of developing country impacts are very few, and the emphasis for further research needs to be on this. Nevertheless, it would be worthwhile to follow equivalence wherever the trade is still at the regional level to allow some flexibility for an individual nation's choices and pursue foreign aid, technology transfer, and management advice whenever the economically disadvantaged nation is lagging in standards. At the same time, it would be necessary to educate the heads of government and the population in developing countries on the existing scientific practices and evidence on health hazards and the need for effective nutrientbased dietary standards. Implementing stricter rules within their own nations not only would improve their access to world trade but also would result in reduction in food-borne diseases and related mortality. The increased awareness would not only enable them to effectively (and increasingly) participate in the Codex meetings to raise issues of concern on local food consumption patterns and health (during the formulation of international rules on food safety standards) but also use the dispute settlement mechanism of the WTO by being able to distinguish between a regulatory standard and a nontrade barrier. There is lot to be done in this area, but clearly steps are being taken in the right direction.
